Mold infestation and occurrence of aflatoxins were investigated in 66 samples of dried spices and aromatic herbs powder (SAH) as commercialized in Benin and its neighboring countries. The samples were randomly collected from markets, supermarkets, and processing sites. Mold counts were enumerated according to standard method and aflatoxins levels were assessed using high-performance liquid chromatography coupled with fluorescence detection (HPLC-FLD). The results revealed that mold counts of samples ranged between 2.62 and 4.34 LogCFU/g. Aflatoxin B 1 contents were between 0.46 μg/kg and 84.84 μg/kg with 40% of samples exceeding the recommended limit of 5 μg/kg. Aflatoxins G 1 and G 2 levels were low in general with means values varying from 0.24 to 8.56 μg/kg, and 0.11 to 3.68 μg/kg, respectively. Fifty-two percent (52%) of samples analyzed contained total aflatoxins levels lower than the stipulated limit of 10 μg/kg, whereas 92% of them were contaminated at various levels with one type aflatoxin, B 1 or B 2 , G 1 or G 2 . This study provides the first information about the occurrence of aflatoxins in the common spices used in West Africa.
| INTRODUCTION
Spices and aromatic herbs (SAH) used in West Africa region were vegetables mostly produced under tropical climate, materialized by high humidity and rainfall conditions which favored the production of mycotoxins Martins et al (2001) (Adibian, 2016; Miller, 1996) . Factors implicated in the growth of these fungi in foodstuffs are those related to the environment in which they develop (pH, composition of the food, or water activity) and other extrinsic factors such as ambient humidity, storage temperature, and microbial competition (Al-juraifani, 2011; Mably et al., 2005) .
The most dangerous among the 400 types of mycotoxins known are aflatoxins. Aflatoxins can occur in foods, such as groundnuts, maize, rice, spices, and other dried products, because of fungal contamination before and after harvest. In general, 18 types of aflatoxins were observed in foodstuffs with four most frequently (B 1 , B 2 , G 1 and G 2 ) (Arshad & Muhammad, 2012; Naphaporn et al 2015) and more produced by A flavus, and in a lesser extent by Aspergillus parasiticus and Aspergillus nominus (Miller, 1996) . Spices and aromatic herbs would be inappropriate for consumption after being contaminated by mycotoxins produced by fungi during growth, harvesting, postharvest, or transportation (Akpo-Djènontin et al., 2016; Tajkarimi et al 2011) .
In addition, aflatoxins contamination rate can also be enhanced by the inadequate conditions of drying (sun drying on the floor, on the sidewalks, extended drying times) and storage practices (unhygienic condition and an instable environmental conditions) (Akpo-Djènontin et al., 2016; Nakai et al., 2008) . Fungal contamination of dried products leading to the production of aflatoxins has been reported worldwide but it is more expressed in the developing countries (Matthews, 2005) . There are more than 5 billion people in developing countries at risk of chronic exposure to aflatoxins through contaminated foods van Egmond et al (2007) . Since aflatoxins are known to be genotoxic and carcinogenic, exposure through food should be kept as low as possible (OMS, 2002; Roy & Chourasia, 1990 is more harmful and represents the most critical indicator of food toxicity Wacoo et al (2014) . Risks associated with mycotoxins depend on both hazard and exposure. While risk could be same around the world, exposure is not the same, because of differences in levels of contamination and dietary habits in various parts of the world. For example, in a country, where the maize consumption is approximately 15 g/capita/ day, a legal limit of 8 mg/kg would suffice to prevent fumonisin effect.
However, in another country, where the maize consumption is about 125 g/capita/day, a legal limit of 1 mg/kg would be required to reach the same level of protection (Van Egmond et al., 2007) . According to Codex Alimentarius (2009), the recommended limit of total aflatoxins is 10 μg/kg for nuts, almonds, and many foodstuffs. With regard to SAH, legal limits of 10 μg/kg and 5 μg/kg are stipulated for total aflatoxins and aflatoxin B 1 , respectively (EC, 2006) . Nowadays the level of consumption of SAH is much raising. About 80% of the population in developing countries consume spices and aromatic herbs (Van Andel, 2006) . In Benin, its daily consumption is estimated to 5 g/capita (FAOSTAT, 2012) . Thus, the aim of this study is to investigate the safety status of SAH processed and consumed in West Africa region in regard to possible contamination by aflatoxins.
| MATERIALS AND METHODS

| Samples collection
A total of 66 samples of SAH were randomly purchased from retailers in markets, from supermarkets and processing sites at a rate of 22 samples per sampling zone and six per type of samples ( Table 1 
| Enumeration of molds
For all samples, 10 g was weighed aseptically in a sterile stomacher bag and suspended in 90 ml of sterile diluents containing 0.1% peptone (Oxoid L 37, Basingstoke, Hampshire, England) and 0.8% sodium chloride (NaCl) with pH adjusted to 7.2. The mixture was macerated
SAH powders
Composition of mixtures (Variants) Codes of samples
Number of samples collected
Mixture of 3 SAH
Garlic-ginger-pepper GaGiP 6
Garlic-chili-pepper GaCP 6
Garlic-ginger-laurel GaGiL 6
Mixture of 7 SAH
Garlic-ginger-nutmeg-clove chili-pepper-laurel
GaGiLPCNCl 6
Ginger-rosemary-thyme-clovelaurel-nutmeg-Cinnamon GiRTClLNCi 6
Mixture of 12 SAH Ginger-laurel-pepper-cuminthyme-rosemary-cinnamonanise-curry GiLPCmTRCiACu* 6
Garlic-thyme-curry-pepper-laurelbasil-nutmeg-ginger-clove GaTCu*PLBNGiCl 6
Mixture for tchachanga Dry chili-nutmeg-cake of peanut-thyme-salt, maggi T A B L E 1 Samples of spices and aromatic herb powders as commercialized in Benin included in this study for 2 min using a stomacher (Lab Blender, Model 400). One (1) ml of the homogenate was serially diluted and used for enumeration of molds on petri plates using chloramphenicol glucose agar (Biokar diagnostics-zac de ther-allone-F60000 Beauvais). The plates were incubated at 25°C for 3-5 days (ISO 7954: 1988) .
| Detection and quantification of aflatoxins
| Samples preparation
Extraction
Approximately 25 g of SAH powder was mixed with 125 ml of methanol: deionized water (80:20), 62.5 ml of hexane, and 2.5 g of NaCl.
The mixture was shaken for 30 min and filtered through Whatman N°1 filter paper.
Purification
Fifteen mL of the resulting extract was diluted with 86 ml of phosphate-buffered saline solution (PBS; pH 7.2) and filtrated. Eleven (11) ml of this solution was applied to an immunoaffinity column (Easiextract aflatoxin) containing specific antibodies of aflatoxins B 1 , B 2 , G 1 , and G 2 at a flow rate of 1-2 drops/s, and the column washed again with 10 ml of PBS. The toxins were then eluted with 1 ml of methanol at a flow rate of 0.3 ml/min. After 5 min approximately, a second portion of 500 μl of methanol was applied followed by another one with 3.5 ml of deionized water to ensure complete disruption of the antibody-toxin bond. The excitation and emission wavelengths of 365 and 435 nm were set during the analysis, respectively.
| Chromatographic conditions
| Determination of water activity
Water activity (a w ) of samples was measured with a thermo hygrometer (Hygrolab model 3 w/o 39746, Rotronic), according to the method described by Anihouvi et al. 2006 .
F I G U R E 1 Map showing the sampling zones
| Statistical analysis
The data were analyzed using Statistica software (version 7.1). One- 
| RESULTS AND DISCUSSION
| Microbiological status of mixtures of spices and herbs powder analyzed
The results showed that mold contamination occurred in all the samples investigated ( The high prevalence of molds in dried foods and their by-products is presumably due to low water activity (a w ) required for their growth (Naphaporn et al., 2015) .
| Aflatoxins occurrence in spices and aromatic herbs samples investigated
The results obtained showed that the samples investigated were not exempt of mycotoxins. Most of samples (92%) are at least contaminated with one type of aflatoxin, B 1 or B 2 , G 1 or G 2, and 84%
of them contaminated by aflatoxin B1 (AFB1) ( T A B L E 4 Total aflatoxins means (sum of B 1 , B 2 , G 1 and G 2 ) per sampling sites could induce molds contamination and lead to the production of aflatoxins (CAC, 2003; Codex Alimentarus, 2015) . The production of aflatoxins in SAH may also depend on the ability of each SAH to be used as substrate (Llewellyn, Burkett, & Eadie, 1981) . For example, ginger and rosemary leaves were substantial mycotoxins producing-substrates; mustard, caraway seed, and celery seed were judged as intermediate-producing substrates. Absolute antimycotic substrates were cinnamon and clove. Antiaflatoxigenic substrates were thyme and oregano while mustard may be antimycotic (Llewellyn et al., 1981) . The packaging methods and dust can accentuate the production of mycotoxins and consequently invaded SAH during processing and storage (Ndaw, 2015) . In this respect, sorting of SAH that took place before drying or milling constitutes in this fact, a critical point to be taken into account during processing of SAH to reduce mycotoxins incidence (AkpoDjènontin et al., 2016; Bankolé & Adebanjo, 2003) . Consequently, reducing the fungal contamination of SAH is the most promising strategy for reducing AFB1. Furthermore, the results revealed the presence of aflatoxins G1 and G2 in the samples investigated with maximum levels of 8.56 μg/kg and 3.7 μg/kg, respectively, and this occurred in 32% and 28% of samples, respectively. Regarding the sum of the four aflatoxins (B1 + B2 + G1 + G2), the samples collected from markets were more contaminated (0.62-99.3 μg/ kg) when compared with those collected from processing sites (0-29.3 μg/kg) and those from supermarkets (0-21.2 μg/kg) ( Table 4) .
Fifty-two percent (52%) of the samples analyzed showed total aflatoxins contents lower than the recommended limit of 10 μg/kg.
The 48% more contaminated samples by total aflatoxins (>10 μg/ kg) were distributed as: 8% from the processing sites, 24% from the markets, and 16% from the supermarkets. Thus, despite a lack of information on food poisoning due to aflatoxins, there is a potential for sporadic aflatoxin poisoning related to the consumption of SAH powder commercialized in Benin and other countries of West Africa region.
| Water activity of samples analyzed
The water activity (a w ) values varied from one sample to another and ranged between 0.3 and 0.67. The a w was analyzed in each sample to establish whether there was a link between a w and total aflatoxins of the samples. If this relationship did exist, the a w determination, which is quite rapid, could be used as a simple test to assess possible aflatoxin T A B L E 5 Water activity and total aflatoxins contents of samples investigated F I G U R E 2 Correspondence Analysis showing linkages between preservation time, water activity, fungal load, and total aflatoxins of SAH samples collected from different sites. a w , Water activity; PreserTim, Preservation time (mois); Fungal load, Fungal load; Aflatoxin, Aflatoxin Total; CS, Collection site; GaGiP, Garlic-ginger-pepper; GaCP, Garlic-chili-pepper; GaGiL, Garlic-ginger-laurel; GaGiLPCND, Garlic-ginger-nutmegdill; GaGiLPCNCl, Garlic-ginger-nutmeg-clove-chili-pepper-laurel; GiRTClLNCi, Ginger-rosemary-thyme-clove-laurel-nutmeg-Cinnamon; GiLPCmTRCiACu, Ginger-laurel-pepper-cumin-thyme-rosemary-cinnamon-anise-curry; GaTCu*PLBNGiCl, Garlicthyme-curry-pepperlaurel-basil-nutmeg-ginger-clove; CTch, Dry chili-nutmeg-cake of peanut-thyme-salt, maggi; Herbs
GaTCu*PLBNGiCl1 GaTCu*PLBNGiCl2 GaTCu*PLBNGiCl3 content. The results showed that there is no direct relationship between a w and aflatoxin content, as seen from Table 5 . However, according to Gallo et al. (2016) , temperature and water activity are the two key determinants influencing both the rate of fungal spoilage and aflatoxin production. In this regard, maximum fungal growth and aflatoxin production were noticed at 28°C and 0.96 a w , whereas good fungal growth, but a very low aflatoxin B 1 production occurred at 37°C with 0.93-0.99 a w (Gallo et al. 2016) . Results of this study were not in accordance with growing conditions of molds and aflatoxin B 1 occurrence stipulated above. Thus, the presence of aflatoxins may not be only explained by the water activity as reported by Ramesh and Jayagoudar (2013) . Similar relationship was established between mold population growth and water activity (Nyugen, 2007) , or moisture content (Al-juraifani, 2011; Bircan et al., 2008) Figure 1 , most of the SAH samples collected from market were significantly correlated with these two variables except two SAH samples from market. This suggested that, increasing the preservation time of the SAH collected from market could lead to the increase in its fungal load. At the opposite, most of the SAH samples collected from the processing sites and supermarkets were negatively correlated with the first axe (F1) and allowed to assert that the fungal loads of these samples were less influenced by the preservation time. The variable water activity (a w ) was significantly correlated with the second axe F2 (r = 0.80). Indeed, the a w of the SAH samples collected from markets did not depended to other variables except preservation time which had a slight correlation (r = 0.27) with it. It is also noticed that the variables fugal load and total aflatoxins were slightly correlated (r = 0.19) between them and this means that the increase in the total aflatoxins may depends on the increase in fungal load in the SAH samples mainly the ones collected from markets, probably due to the environmental conditions. However, the low level of correlation between these two variables (fugal load and total aflatoxins) indicates that the rate of total aflatoxins production in the SAH samples did not directly depends on the fungal load. Thus, all mold is not susceptible to produce aflatoxins and the presence of molds in the spices does not explain directly the presence of mycotoxins. Similar observation has been reported by Nyugen (2007) and Abou (2008) .
| CONCLUSION
This study documented the significant occurrence of molds and aflatoxins in SAH powders mostly used by consumers in Benin and neighboring countries. Therefore, the presence of molds and aflatoxins should be controlled during all the food chain including mainly plant growth, processing, and storage steps. One of the preventive measures could be the sorting before processing and the control of water activity in spices and temperature of storage room, which determined the growth of molds. Further investigation related to the identification of molds species involved in the production of aflatoxins in the investigated SAH powders is necessary.
